We monitored European ground squirrels (Spermophilus citellus) in a recreation area near Vienna, Austria, over a 7-year period to follow their population dynamics. Data were obtained by mark-recapture and daily checklists in an attempt to track the fates of individuals present in a defined area. Abundance of nonjuveniles present in spring decreased from 56.0 individuals/ha in 1992 to 6.3 individuals/ha in 1998. Litter size and yearlingmale reproduction were inversely related to density, whereas immigration, juvenile survival, and proportions of nonjuvenile males exhibited a positive relationship. We conclude that the study population had been a dispersal sink and that ceasing immigration combined with poor local survival caused the population to crash. The temporal coincidence of these 2 effects indicates an extrinsic factor acting both on residents and potential immigrants.
Mammal populations increase via births and immigration and decrease via deaths and emigration (Feldhamer et al. 1999) . Natality and immigration (or local mortality and emigration) can have similar, if not identical, effects on population density (Gaines and McClenaghan 1980) . Reproduction, survival, and dispersal patterns interact dynamically with population attributes like sex ratio and age structure (Boonstra 1994; Michener 1998) , all of which can be influenced by environmental factors (Stearns 1980; Zammuto and Millar 1985) .
Ground-dwelling sciurids are appropriate study objects for long-term investigations of population dynamics and variations in life-history traits (Armitage 1991; Boag and Murie 1981; Michener 1998) . Primarily, this is because changes in abundance may occur on timescales amenable for field re-* Correspondent: ilse.hoffmann@univie.ac.at search (Festa-Bianchet and King 1991) . Also, they can be trapped, marked, and observed easily (Dobson 1995) , and their strictly diurnal surface activity facilitates following individual fates (Dobson and Kjelgaard 1985) . A feature of European ground squirrels (Spermophilus citellus) in particular is their close spatial association with humans, which implies additional environmental variability for such populations (Hoffmann et al., in press ).
The European ground squirrel, a small (Ͻ600 g) diurnal rodent and obligate hibernator, occurs in loosely structured populations throughout central and southeastern Europe (Kryštufek 1999) . In Austria, the species shows a discontinuous distribution, and aggregations are confined to more or less isolated patches of suitable habitat at low elevations (Leitner 1988; Spitzenberger and Bauer 2002) , often in anthropogenically shaped areas (Millesi et al. 1999b) . Com-pared with North American members of the genus Spermophilus, little has been documented about the behavioral ecology of free-living European ground squirrels (Everts et al. 2001; Hut and Scharff 1998) . At present, it is known that female S. citellus typically are reproductive as yearlings (Millesi et al. 1999a) , whereas males may have sexual maturity delayed until they are 2 years of age (Millesi et al. 1998) . In a study on population dynamics, Millesi et al. (1999b) found that population density fluctuated over years and that losses of males exceeded losses of females. Furthermore, juvenile losses exceeded nonjuvenile losses, and the sex ratio was biased in favor of females among yearlings and adults.
Previous results (Everts et al. 2001; Millesi et al. 1998 Millesi et al. , 1999a Millesi et al. , 1999b were acquired largely from a dense population. The present investigation perpetuates these studies by comparing population attributes and variations in the demography of the same suburban ground squirrel aggregation at different densities. We expected demographic responses to compensate for declines in abundance, e.g., increased reproductive effort and extended residency (in terms of enhanced local survival). Because of its potential as a model species for demographic topics, our findings on S. citellus also might be applicable to other smallmammal populations.
MATERIALS AND METHODS
Procedure.-The study was conducted from February 1992 to July 1999 in a suburban park 5 km north of Vienna, Austria (48Њ31ЈN, 16Њ36ЈE, elevation 164 m), which had been under investigation since 1990 (Huber et al. 1999; Millesi et al. 1998 Millesi et al. , 1999a Millesi et al. , 1999b . Data were collected 3-5 days/week during the entire active season in each year except 1995 and 1999, when investigations ended in July. Observations and trapping regimes were carried out between 0900 and 1600 h (central European time), the period of maximal aboveground activity (Everts et al. 2001) . Squirrels were captured with live traps (Tomahawk Trap Co., Tomahawk, Wisconsin), transferred to a handling bag, identified from subcutaneous passive integrated transponders (PIT tags, Indexel, Rhone Merieux, Laupheim, Germany), weighed, and eventually fur marked with a commercial hair dye (L'Oreal, Paris, France) to facilitate field recognition. Detailed description of the capture techniques appears in Huber et al. (1999) and Millesi et al. (1999a Millesi et al. ( , 1999b . During observations, the study area was scanned periodically with binoculars, and the identity of ground squirrels was noted to follow individual fates. From 1992 to 1995, research concentrated on a central 1-ha portion of the site. Animals on adjacent meadows were captured and observed occasionally. From 1996 to 1998, all ground squirrels in a 4-ha area, which included the former central site, were monitored. In 1999, investigations were restricted to the identification of individuals initially captured in preceding years.
At initial capture, squirrels were classified as juvenile or nonjuvenile (Ն1 year old). More than 87% of the latter were assigned unambiguously to the yearling or adult (Ն2 years) age classes based on their body mass and growth pattern (Millesi et al. 1999b) , and less than 13% remained unclassified. Thus, an individual's age at both initial capture and recapture in any following year could be determined either exactly (initial capture as juvenile or yearling) or as a minimum (initial capture as unclassified nonjuvenile or adult). On this basis, each individual could be assigned to a given cohort (0 ϭ juvenile, 1 ϭ yearling, 2 ϭ minimum 2 years of age, etc.) annually, excluding unclassified nonjuveniles in the year of their initial capture. Reproductive status was defined on the basis of genitalia and development of mammae (Millesi et al. 1998 (Millesi et al. , 1999a (Millesi et al. , 1999b . Nonreproductive males were yearlings that had failed to attain reproductive maturity. Females that disappeared before showing signs of gestation were excluded from the reproductive category. We determined litter sizes at 1st emergence of juveniles from their natal burrows starting at the end of May (Huber et al. 2001) . Each year, nonjuvenile squirrels were classified as residents or immigrants, according to the time of their appearance in the focal area. Animals were considered residents when they emerged from hibernation in the focal area. Animals were classified as immigrants when they appeared in the focal area after the last resident of the corresponding sex and age class had emerged from hibernation.
FIG. 1.-Annual population densities of European ground squirrels in the focal area: a) nonjuveniles during the mating season (males plus females are totals present), with numbers of reproductive individuals shown separately, and b) juveniles captured and totals at emergence from natal burrows (calculated from observed number and size of litters). In 1993, we captured more juveniles than we had observed to emerge.
Statistical analyses.-Only individuals present on at least 2 observation days between 1992 and 1999 were considered for analyses. This sample consisted of 800 animals (601 juveniles and 199 Ն1-year-olds at initial capture). We applied the following 3 measures of density: nonjuvenile maxima in each mating season, juveniles emerged in each year, and individuals captured in each year. These measures refer to annual numbers recorded in the 1-ha central site from 1992 to 1995 and to annual means per hectare from 1996 to 1998. Survival was estimated from numbers of individuals observed in a given year that were known to be alive in at least 1 subsequent year. Our estimates combine effects of mortality and emigration. Animals captured outside the central site (1992) (1993) (1994) (1995) were included for survival and longevity analyses. Analyses of immigration into the focal area were restricted to nonjuveniles because a distinction between residents and immigrants was not possible for juveniles initially captured after weaning.
We conducted statistical analyses with SPSS 8.0 for Windows statistical package (SPSS Inc. 1997). Shapiro-Wilk tests (Haccou and Meelis 1992) revealed that most samples were not distributed normally; therefore, we applied nonparametric tests. We used chi-square tests for goodness of fit to compare annual abundance (i.e., densities). Annual proportions of sexes, age classes, and survivorship were analyzed with chi-square tests of heterogeneity. For withinyear and overall comparisons of sex-and agedifferential survival, we applied 2 by 2 contingency tables. We compared annual variations in population age and cohort-and year-specific life expectancies with Kruskal-Wallis H-tests. In case of significant outcomes and to examine sexand density-specific differences of demographic traits, we performed Mann-Whitney U-tests. Relations between density and demographic factors were investigated with Spearman rank correlations and curve fitting. Statistical significance was set at P Ͻ 0.05. In cases of multiple pairwise comparisons, we modified the significance level with a Bonferroni correction (Pagano and Gauvreau 2000) .
RESULTS
Changes in population density.-Densities of Ն1-year-old European ground squirrels present during the mating season ranged from 61 individuals/ha in 1993 to 6.3 individuals/ha in 1998 (Fig. 1a) , a 9.8-fold difference. Interyear differences were highly significant among all nonjuveniles ( 2 ϭ 135.13, d.f. ϭ 6, P Ͻ 0.001) and for each sex (males: 2 ϭ 54.71, d.f. ϭ 6, P Ͻ 0.001; females: 2 ϭ 61.01, d.f. ϭ 6, P Ͻ 0.001). Female numbers remained quite constant until a marked decline of 77% from 1994 to 1995. The decline in male numbers started 1 year earlier (1993-1994: Ϫ70%) and persisted longer than that in females (Fig. 1a) . All yearling males present in spring were reproductive after 1994, i.e., the number of immature males dropped to 0.
Juvenile density also showed highly significant interyear variation (juveniles emerged: TABLE 1.-Age and sex distribution among European ground squirrels captured in 1992-1998. Cohorts 1 to Ͼ4 include animals initially captured in 1990 and 1991. Totals of Ն1-year-olds may differ from the annual sums because unclassified nonjuveniles were excluded from the yearling cohort in the year of their initial capture. Totals of Ն2-year-olds equal the sums of cohorts 2 to Ͼ4. (Fig. 1) . Deviations from the covariation were due to changes in litter size and the timing of female disappearance. Consistent with the high abundance of reproductive females in 1993, offspring numbers peaked in the same year, with 116 juvenile ground squirrels captured per hectare. Forty-four percent fewer juveniles were captured in 1994 (males: Ϫ33%, females: Ϫ53%). In 1995, all remaining females disappeared from the study area by June. Consequently, no litter emergence was observed in the central portion of the study area. Due to large litters at low densities, juvenile abundance on the extended study site recovered somewhat by 1997 (34.5 individuals/ha), but then, corresponding to low female abundance, dropped again in 1998 (18.3 individuals/ ha). Births per female, therefore, did not compensate for decreasing numbers of litters.
Sex ratio.-Although juvenile sex ratios tended to be slightly skewed in favor of males (47-62%; Fig. 1b) , their percentages did not deviate significantly from 50% among years ( 2 ϭ 2.20, d.f. ϭ 5, P Ͼ 0.05). Among nonjuveniles, heterogeneity of annual male percentages was significant (total: 2 ϭ 61.90, d.f. ϭ 6, P Ͻ 0.001; reproductive: 2 ϭ 55.85, d.f. ϭ 6, P Ͻ 0.001) due to the strong female bias at low densities (Fig. 1a) .
Age structure.-Proportions of juveniles and nonjuveniles in the study population varied among years ( 2 ϭ 155.78, d.f. ϭ 6, P Ͻ 0.001; Table 1 ). Juveniles accounted for 0-49.2% of the population from 1992 to 1995 and for 74.3-81.2% from 1996 to 1998. Annual variations in median age (years) of nonjuveniles also were significant (H ϭ 13.59, d.f. ϭ 6, P ϭ 0.035; n ϭ 432). Median age was significantly higher in 1995 than earlier (1992) (1993) (1994) : Z ϭ Ϫ3.01, P ϭ 0.003; Table 1 ) and thereafter (1996) (1997) (1998) : Z ϭ Ϫ2.55, P ϭ 0.011; Table 1 ). When only reproducing animals were considered, a significant shift toward yearling males was found in low-density years. In 1996-1998, reproductive males were significantly younger (median: 1 year; n ϭ 20) than in 1992-1994 (median: 2 years; n ϭ 74; Z ϭ Ϫ3.90, P Ͻ 0.001).
Interyear survival.-Survival to the next active season differed significantly among years ( 1992-1993 1993-1994 1994-1995 1995-1996 1996-1997 1997-1998 1998-1999 Table 1 for sample sizes). Lines connect median percentages surviving. Cohorts older than 1 year include individuals of the corresponding minimum age. ϭ 6, P ϭ 0.001) ground squirrels. Juveniles born in the 2 years of highest density, 1992 and 1993, survived best. Among nonjuveniles, recaptures peaked in 1993, the year of maximum density, but also were elevated 4 years later at low population levels. In both age groups, losses were markedly high from 1994 to 1995 (Table 2 ). Annual percentages of surviving juveniles were significantly smaller than those of nonjuveniles (Table   2 ). Age-specific survivorship was lower among juveniles than among other cohorts except for the oldest animals (Fig. 2) . Differences in annual survivorship between yearlings and adults were less pronounced (Table 3) . When samples of individuals at initial capture were compared, a greater proportion of females than males survived among juveniles ( 2 ϭ 8.07, d.f. ϭ 1, P ϭ 0.005), nonjuveniles ( 2 ϭ 4.31, d.f. ϭ 1, P ϭ 0.038), and yearlings ( 2 ϭ 4.36, d.f. ϭ 1, P ϭ 0.037) but not among adults ( 2 ϭ 0.22, d.f. ϭ 1, P ϭ 0.643).
Life expectancy.-Maximum observed life span was 4 years for males and 6 years for females (Fig. 2) . Consistent with interyear survival, life expectancy varied with age, sex, and year of capture. Median expectation of future survival (in years) was 0 for all cohorts except 2-year-olds (median: 1, range: 0-4; H ϭ 124.28, d.f. ϭ 5, P Ͻ 0.001; n ϭ 800). Pairwise comparisons of 1-to 4-year-olds were not significant (Bonferroni correction, P Ͼ 0.008). Further life expectancy differed significantly between sexes among juveniles (Z ϭ Ϫ2.64, P ϭ 0.008; n ϭ 279 males, range: 0-3 years; n ϭ 249 females, range: 0-5 years) and yearlings (Z ϭ Ϫ2.67, P ϭ 0.008; n ϭ 61 males, range: 0-3 years; n ϭ 82 females, range: 0-4.5 years). 1992-1993 1993-1994 1994-1995 1995-1996 1996-1997 1997-1998 1998-1999 Independent of age and sex, animals captured in 1992 experienced better survival (Tables 2 and 3 ) and hence had longer life expectancy than did those initially captured in subsequent years (H ϭ 61.29, d.f. ϭ 6, P Ͻ 0.001; n ϭ 800). Differences between values in 1992 (n ϭ 216) and other years were highly significant (each P Ͻ 0.001; 1993: n ϭ 142, Z ϭ Ϫ3.63; 1994: n ϭ 79, Z ϭ Ϫ4.90; 1996: n ϭ 133, Z ϭ Ϫ4.28; 1997: n ϭ 140, Z ϭ Ϫ6.82; 1998: n ϭ 77, Z ϭ Ϫ5.72) except versus those in 1995 (Z ϭ Ϫ1.58, P Ͼ 0.11; n ϭ 13).
Interdependencies with population density.-In addition to differences in survival, fluctuations in density could be explained by immigration. Annual abundance of Ն1-year-olds (individuals captured year Ϫ1 ha Ϫ1 ) decreased with declining numbers of immigrants (Fig. 3) . At elevated levels (1992) (1993) (1994) , 32.8-58.2% of all adult and yearling individuals captured each year were immigrants. This proportion dropped to 27.3% in 1995 and approximated 0 at low densities (1996) (1997) (1998) . Correlations of immigration with density were significant for the entire nonjuvenile population (r S ϭ 0.88, P ϭ 0.008; n ϭ 7) and for each sex (males: r S ϭ 1.00, P Ͻ 0.001, n ϭ 7; females: r S ϭ 0.81, P ϭ 0.027, n ϭ 7). Third-degree polynomials yielded r 2 S Ͼ 0.99 for each fitted curve (Fig. 3) . The fewer the immigrants, the shorter their persistence in the study area. Immigrants tended to stay and survive when they were numerous (1992-1994: 36.4-69 .0% local survival), whereas all those captured thereafter were transients, i.e., they disappeared before the subsequent hibernation.
Litter size at emergence from the natal burrow varied with abundance, being smaller at high (median: 4, range 2-7; n ϭ 57) ; log scale) and spring sex ratio. than at low (median: 6, range 2-10; n ϭ 55) densities (Z ϭ Ϫ5.52, P Ͻ 0.001). We found a significant negative correlation between spring densities and median litter sizes (r S ϭ Ϫ0.88, P ϭ 0.021, n ϭ 6; Fig. 4a ), but percentage of juveniles surviving to yearling age was not related to abundance (r S ϭ 0.66, P Ͼ 0.15, n ϭ 6). In contrast to the number of yearling males that were reproductive (r S ϭ 0.75, P Ͼ 0.05, n ϭ 7), their proportion was related marginally inversely to density (r S ϭ Ϫ0.76, P ϭ 0.08, n ϭ 6) and significantly to spring abundance (r S ϭ Ϫ0.96, P ϭ 0.001, n ϭ 7; Fig.  4b ) of yearling males, i.e., the fewer males that were recruited into the yearling age class, the greater was their percentage reproducing. Because balanced spring sex ratios primarily arose from the abundance of immature males (Fig. 1a) , the skew toward females increased with decreasing densities (r S ϭ 0.82, P ϭ 0.023, n ϭ 7; Fig. 4c ).
DISCUSSION

Within populations of North American
Spermophilus, no fluctuations as extensive as those in this study have been described to date. Densities of Columbian ground squirrels (S. columbianus) ranged from 60.2 to 20.3 individuals/ha (3:1) over a 9-year period (Festa-Bianchet and King 1991) . This represented a small variation compared with our study, in which numbers of nonjuveniles per hectare varied with an amplitude of 10.3:1.
More than half of the nonjuvenile population disappeared in each year of our study except in 1992 and 1996. Annual losses among Ն1-year-olds increased from 44. 4% (1992) to Ͼ70% (1994 and 1995) and from 47. 1% (1996) to 65.4% in 1998. The temporal pattern of disappearance is yet to be analyzed, but differences between densities of females and numbers of litters indicate that many parous females disappeared before the end of May, when litters usually start to emerge (Millesi et al. 1999b) . As in S. columbianus (Boag and Murie 1981; King and Murie 1985) , interyear survival of juveniles was poorer than that of Ն1-year-olds. Juvenile loss increased throughout the study (71.1-93.3%), with all juveniles captured in 1994 disappearing the same year. Due to poor offspring recruitment, large litters at low population levels did not compensate for the disappearance of nonjuveniles. In S. columbianus, production of yearlings was the demographic process that contributed most to changes in population size (Dobson 1995) . No evidence for epidemics or external factors apart from predation were found (Millesi et al. 1999b) . Per capita mortality rates were higher in 1994 than in 1992 and 1993 (I. E. Hoffmann, in litt.), but the total number of observed deaths was too small to explain the magnitude of the decline in density. Food resources can affect population sizes of Spermophilus (Dobson 1995; Hubbs and Boonstra 1997; Nunes et al. 1997) . A field study conducted in 1993 and 1994 indicated that quality and quantity of available food may vary among years (Pieta 1997) . Unfortunately, we do not have enough data to assess possible effects of food on population density. Whatever the causes, disappearance during the active season affected density more strongly than did overwinter loss (Hoffmann et al. 1997; Millesi et al. 1999b) .
Annual sex ratios were balanced among juvenile European ground squirrels but skewed toward females during the mating season. From their 1st summer of life, males experienced higher losses than did females. Age-specific survival of males was lower than that of females in each cohort, and life span was shorter. Thus, skewed sex ratios were the consequence of differential mortality between males and females (Michener 1989b) . When nonreproductive yearling males were present, the female bias was less pronounced, indicating enhanced juvenile male survival from the previous year. Balanced sex ratios-due to the presence of immature males-coincided with high densities, as in S. columbianus (Boag and Murie 1981) . However, among yearling and adult Richardson's ground squirrels (S. richardsonii), the sex ratio was skewed strongly regardless of population density (Michener 1998) . In 13-lined ground squirrels (S. tridecemlineatus), annual percentages of mature yearling males decreased with increasing female density (Schwagmeyer and Brown 1983) . At high population levels, increased viability and reduced reproductive effort of European ground squirrels could have been favored selectively by an unpredictable environment (Stearns 1980) , and disappearance of males was reduced. Zammuto and Millar (1985) stated that environmental predictability was smaller for Columbian ground squirrels at low (Ͻ1,500 m) than at high elevations. In our study, unpredictability of extrinsic factors like habitat patchiness might have been reinforced by anthropogenic effect (Hoffmann et al., in press) .
Male loss exceeding female loss has been reported from many species of ground squirrels (Boag and Murie 1981; Holekamp 1984; Michener 1998; Sauer and Slade 1987; Schmutz et al. 1979; Shriner and Stacey 1991) , although differing among age classes (Sherman and Morton 1984) , often coincident with attainment of sexual maturity (Michener 1989b) . In European ground squirrels, as in other Spermophilus species, risk of mortality is possibly associated with long-distance movements (Michener 1989b; Schmutz et al. 1979) . Juvenile males incur a higher risk of predation than females when leaving their natal home range (Hoffmann et al. 2002) . Among nonjuveniles, females used smaller home ranges and covered shorter distances than did males (Huber 1996) . At the same time, female immigrants outweighed males (Millesi et al. 1999b ). This supports the hypothesis that frequent or long-distance movements (or both) of males entailed essential losses.
Litter sizes observed throughout our study (minimum ϭ 2, maximum ϭ 10) approximate the range reported from North American sciurids (Blumstein and Armitage 1998; Holekamp and Nunes 1989; Hubbs and Boonstra 1997; Michener 1989a Michener , 1998 Nunes et al. 1998; Sauer and Slade 1987; Zammuto and Sherman 1986) . Litters of S. citellus were larger at low than at high population levels. In Columbian ground squirrels, increasing litter size was coupled with enhanced juvenile survival and thus contributed to population growth (Festa-Bianchet and King 1991) . In our study, large litters had no such effect because juvenile survival declined with density. Litter size increasing with decreasing population size is a demographic trait commonly attributed to mammal populations subject to density-dependent regulation (Begon et al. 1990; S. columbianus-Boag and Murie 1981; Fowler 1981) . Large litter size thus is frequently associated with high mortality and short life span (Millar and Zammuto 1983) . Age structure of Ն1-yearolds was closely related to survival of juveniles from each preceding year. When no offspring were recruited into the yearling age class of 1995, the 1st low-density year, the nonjuvenile population was older than in other years. This is consistent with Boonstra's (1994) findings that age structure of microtine populations shifts markedly toward older animals during declines. Low age of reproducing males at reduced population levels was based on decreasing numbers of adults rather than on increasing numbers of reproductive yearlings. In contrast to their percentage, the abundance of mature yearling males marginally declined with population density. The timing of puberty depended on conditional factors because at high densities yearlings with descendent testes were heavier than those without (Millesi et al. 1998) . We suggest that condition affected survival at low densities such that juvenile males died instead of surviving to become nonreproductive yearlings. The patterns of density dependence of both the abundance of immature males and the percentage of precocious yearling males support this hypothesis.
Maximum life spans of 4 years for males and 6 years for females also have been reported for Richardson's ground squirrels (Michener 1989b) . High mortality early in life corresponds to a survivorship curve of type III (Feldhamer et al. 1999 ) and also was observed in S. columbianus (Zammuto 1987) . The shape of the age-specific survival curve was similar to black-tailed prairie dogs (Cynomys ludovicianus-Hoogland 1995), where middle-aged individuals experienced the best viability. Future life expectancy of each cohort was shorter than that calculated for North American sciurids (Millar and Zammuto 1983; S. beldingiSherman and Morton 1984) . European ground squirrels at 2 years of age had the longest expectation of life, although this result possibly is biased by the large number of 2-year-olds in 1992. Independent of age and sex, life expectancy was longest for animals captured in 1992, indicating again that some extrinsic factor limited life span in subsequent years.
The population crash was followed by reduced immigration, i.e., high densities had been maintained to a great extent by immigrants. This also is supported by the large number of juveniles captured in 1993, which exceeded the number of juveniles observed to emerge in the focal area. In Columbian ground squirrels, the percentage of immigrants and their persistence substantially contributed to population increases (Dobson 1995) . Also, in Arctic ground squirrels (S. parryii), high densities were associated with immigration (Hubbs and Boonstra 1997) . Patterns of survival and immigration suggest that the study population had been a dispersal sink (Pulliam 1988) . They also fit a metapopulation model, where the persistence of a large population depends on a balance between extinction and revival of its constituting fragments (C. ludovicianus- Roach et al. 2001) . Immigration may have ceased as a result of blocking corridors (intense building of streets and houses in the surroundings- Hoffmann et al., in press ). Predation by stray cats (Hoffmann 1995; Millesi et al. 1999b ) could have been a factor. Survival of immigrants exceeded that of residents in the first 3 years of this study (Hoffmann et al., in press) , suggesting that losses at elevated population densities were due to emigration rather than local mortality (Waser et al. 1994) . Short tenure at low population levels was comparable with Richardson's ground squirrels, where a high proportion of immigrants and transients occurred at intermediate densities (Michener 1979) .
We conclude that reduced immigration, reinforced by effects of extended emigration in preceding years, and increasing mortality were the main factors causing the decline in this population. Recruitment of offspring into the yearling population was poor; thus, production of larger litters did not compensate for decreasing population density.
